Introduc t ion
The need of very low output impedance rf systems for heavy particle accelerators has led to the development of very sophisticated amplifier configurations. Among them, the use of a common-anode final amplifier seems most promising.1
If the output impedance is defined in the Thevenin Theorem sense, then class-A operation seems inavoidable. However, for particle dynamics only the voltage induced by the beam is of real concern and voltage requirements do not necessarily demand a time invariant output impedance.
These considerations led us to investigate the conditions that must be met to obtain control over the beam-induced voltage. It was possible to demonstrate that in the common anode case the induced voltage can be largely independent of the bias applied to the final tube, if the beam loading is very strong.
Operation Description
When the accelerating cavity is driven by a common anode amplifier, the beam current has to flow mainly through the tube, thus tending to turn the tube 'on when beam current, rf drive, and tube connection to the cavity are properly matched.2
In this case, the high value for the tube transconductance (low output impedance) can be reached with the beam current, thus greatly reducing or even suppressing the quiescent current. (The advantages in energy saving and in the use of lower plate dissipative tubes are evident and need not to be discussed).
After the beam pulse has gone by, the amplifier's only function is to reset the initial voltage across the accelerating gap, and in the case of a common anode amplifier this depends mostly on the rf drive and very little on the quiescent point, when reasonably chosen.
In the ideal case, the electric network to be analyzed appears as shown in Fig. 1 where qo is the bunch charge and At its duration. The values for L and C are chosen such that the cavity is tuned under no beam loading conditions. When the beam has a strong out-phase component, the cavity should be re-tuned accordingly. To work under the worst conditions that are reached when the cavity tune remains unchanged, the cavity parameters were not readjusted. From the numerical analysis performed with two widely different values for tube dc grid bias, the following conclusions can be drawn:
a) The percent difference between tube current peak amplitudes is less than 5% while the percent bias difference was set up to more than 45%. This demonstrates that under heavy beam loading the peak tube current is practically independent of the quiescent point chosen.
b) The cathode voltage is nearly unaffected by grid bias, the percent different for the two cases being less than 1%.
c) Cathode voltage waveforms remain very nearly sinusoidal in both cases. This is due to the high value of the cavity quality factor (0 = 177). However, it can be shown that with an unloaded Q factor as low as 20, a reasonably good waveform can also be obtained.
d) The difference between the dissipated power is, as expected, very large, depending upon the quiescent point chosen. The rf power amplifier general theory holds also in this case, and the predictions based on the total circulation angle are fairly accurate.
From the above considerations, valid for the steady state, we can state that the outlined design operation can be safely adopted. However, transient operations do not show any unusual or unpredictable behavior and will not be discussed here. Instead, if
we consider that with the outlined procedure the behavior of the tube is controlled both by the driver and by the beam, it is immediately obvious that some slow feedback between the tube dc-current and dc-bias would greatly improve the overall amplifier operation. This feedback would automatically provide the correct bias required when the amplifiers operate with a partially bunched or totally debunched beam.
